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AVALIAÇÃO DA INVERSÃO DE DADOS SÍSMICOS PRÉ-EMPILHAMENTO DE UM 
RESERVATÓRIO CARBONÁTICO DA BACIA DE CAMPOS 
 
RESUMO 
Dissertação de Mestrado  
Rafael Amaral Cataldo  
 
Esta pesquisa mostra a aplicação do método de inversão simultânea em dados sísmicos pré-empilhamento 
em um campo de petróleo localizado na Bacia de Campos, Brasil. Este método tem sido utilizado com sucesso em 
diversos reservatórios areníticos em várias regiões do mundo. O objetivo desta pesquisa foi o de avaliar e estudar a 
aplicação deste método em rochas carbonáticas albianas da Formação Quissamã. Com base em descobertas em 
campos próximos, esta Formação tem o potencial de possuir acumulações de hidrocarbonetos que podem ser 
revelados com o auxílio de modelos de inversão. 
Curvas de velocidades de ondas P (Vp), S (Vs) e densidade (ρ) ao longo de sete poços serviram como 
parâmetros de entrada para a construção de modelos iniciais tridimensionais. Os poços que não continham curvas de 
Vs e densidade foram calculados através de equações estabelecidas junto a literatura disponível. Assim, foram 
realizadas análises dos resultados da inversão ao longo dos poços. Com o intuito de criar os modelos iniciais de 
inversão, foram usados dados de impedâncias das ondas P (Zp), S (Zs) e  ao longo dos poços. Os modelos 
tridimensionais finais foram calculados a partir dos desvios das relações lineares entre os logaritmos de Zs e Zp, 
assim como entre  e Zp, os quais foram combinados com os modelos iniciais. Foram testados e analisados diversos 
parâmetros e filtros para  a criação dos modelos iniciais e finais. As interpretações dos resultados da inversão foram 
conduzidas com base nos padrões encontrados em perfis de resistividade, raios gama, densidade, porosidade neutrão 
e sônico. Estas análises forneceram os critérios para selecionar os melhores modelos finais que são discutidos em 
detalhe. 
Os modelos finais mostram anomalias de baixa impedância consistentes com os estudos realizados junto aos 
perfis dos poços. Além disso, de acordo com as interpretações, um poço em particular possui alto potencial para 
conter hidrocarbonetos. O padrão de distribuição de impedâncias neste poço foi utilizado como referência para a 
identificação de outras regiões com alto potencial, dentro de todo o volume sísmico pré-empilhado disponível. 
 
Palavras chaves: Inversão sísmica pré-empilhamento; Reservatório carbonático; Bacia de Campos. 
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SIMULTANEOUS PRESTACK SEISMIC INVERSION EVALUATION FROM A CARBONATE 
RESERVOIR AT CAMPOS BASIN, BRAZIL 
  
ABSTRACT 
 
Master´s Dissertation  
Rafael Amaral Cataldo 
 
We have applied a method of simultaneous inversion of prestack seismic data of a hydrocarbon field located in 
the Campos Basin, Brazil. This method has been successfully applied to several sandstone reservoirs around the 
world. The purpose of this research was to test and study the application of this method to Albian carbonate rocks of 
the Quissamã Formation. Based on what is found in near fields, this Formation potentially contains hydrocarbon 
accumulations that could be revealed with the help of the inverted models. 
P-wave velocity (Vp), S-wave velocity (Vs) and density curves along seven wells were used as inputs to 
construct 3D initial models of acoustic impedance (Zp), shear impedance (Zs) and density (𝜌). Wells without Vs 
and 𝜌 curves had those values calculated from well-established equations available in the literature. Analysis of the 
inversion results along wells were carried out. Final 3D models were calculated from deviations in linear 
relationships between the logarithms of Zs and Zp, as well as between density and Zp, which were merged with the 
initial models. We have tested and analyzed several parameters and filters to create initial and final models. 
Interpretations of the inversion results were conducted based on patterns found in logs such as resistivity, gamma 
ray, density, neutron porosity and sonic along the wells. These analyses provided criteria to select the best final 
models that are discussed in detail. 
The inverted models show low impedance anomalies that are consistent with previous studies performed with 
the well logs available. Furthermore, one well in particular was interpreted as having high potential to contain 
hydrocarbons. This well shows an impedance pattern that allowed us to highlight other areas with the same pattern 
throughout the entire prestack seismic volume. 
 
 
Palavras chaves: Prestack seismic inversion; Carbonate reservoir; Campos basin.  
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CAPÍTULO 1 ___________________________________________________________________________ 
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INTRODUÇÃO 
Ao longo das últimas décadas, a indústria do petróleo tem direcionado seu foco no 
desenvolvimento de novas tecnologias a fim de resolver os atuais paradigmas exploratórios. Com a 
descoberta dos reservatórios de hidrocarbonetos junto a modelos geológicos conhecidos, a busca por 
novos plays de hidrocarbonetos se faz presente para suprir as necessidades de consumo atuais. Desta 
forma, devido ao alto custo operacional e logístico envolvido nas etapas de pesquisa, desenvolvimento e 
operação destes novos campos de hidrocarbonetos, a elaboração e o levantamento indireto de dados 
através da aquisição sísmica é crucial para minimização de riscos, visando assim, aumentar as chances de 
sucesso no gerenciamento destes campos. 
Tradicionalmente, o levantamento de reflexão sísmica tem sido desenvolvido, principalmente pelos 
investimentos provenientes da indústria petrolífera devido às vantagens apresentadas por este método, tal 
como a confecção de seções sísmicas, que podem refletir características geológicas em subsuperfície, por 
exemplo, de trapas estratigráficas e estruturais. 
Os dados de reflexão sísmica são provenientes das reflexões que ocorrem nas interfaces entre dois 
meios. O coeficiente reflexão, i.e., o quanto de amplitude foi refletida de volta para a superfície, é definido 
como a proporção entre a amplitude da onda refletida pela amplitude da onda incidente. Por exemplo, 
considerando afastamento nulo, o coeficiente de reflexão pode ser relacionado à impedância acústica (Zp) 
por 
 
𝑅𝑜 =  
𝑍2𝑍1
𝑍2+𝑍1
   =  
2𝑣2− 1𝑣1
2𝑣2+ 1𝑣1
      (1.1)  
 
onde Ro = Coeficiente de Reflexão; Z1 = Impedância acústica da primeira camada; Z2 = 
Impedância acústica da segunda camada; 1 = Densidade da primeira camada; 2 = Densidade da 
segunda camada; v1 = Velocidade da primeira camada; v2 = Velocidade da segunda camada. 
 
Nota-se na Equação 1.1 que o coeficiente de reflexão é diretamente proporcional às diferenças de 
impedância entre duas camadas. Esta equação também mostra que a impedância é definida pelo produto 
entre densidade e velocidade da onda sísmica. Portanto, a impedância é uma propriedade referente à 
camada, e não à interface. Assim, a impedância acústica pode ser relacionada a outras propriedades físicas 
do reservatório, tais como porosidade, permeabilidade e saturação de fluídos nos poros, sendo que é 
comum encontrar relações empíricas entre impedância e essas propriedades (ver e.g. Latimer et al., 2000). 
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A inversão sísmica tem como principal objetivo transformar os coeficientes de reflexão nessas 
propriedades quantitativas que auxiliem na descrição do reservatório (ver e.g. Pendrel, 2006). A partir 
desses dados é possível extrair, por exemplo, perfis de impedância para cada ponto médio comum. A 
inversão sísmica pode ser realizada a partir de um modelo convolucional, no qual um traço sísmico é 
tratado como uma convolução entre uma wavelet (pulso sísmico) e a refletividade das interfaces (ver e.g. 
Goffey, 2013). Qualquer método de inversão procura reverter o processo de convolução ao remover o 
efeito desta wavelet, buscando, então, isolar a relação entre a refletividade e a impedância acústica 
representativa dos litotipos amostrados em subsuperfície. Métodos de inversão sísmica têm sido utilizados 
e aprimorados ao longo dos últimos 40 anos por profissionais de diversas áreas, como geofísicos, 
geólogos e engenheiros de petróleo, na busca pela obtenção de modelos de subsuperfície que permitam 
melhorar a compreensão das características de reservatórios de hidrocarbonetos. Em geral, a geração de 
modelos através da inversão sísmica integra informações de diversas fontes como, por exemplo, dados 
sísmicos, dados de poços e horizontes geológicos. 
Sancevero et al. (2006) destacam que a inversão sísmica possui a vantagem de fornecer estimativas 
quantitativas da distribuição de parâmetros físicos que auxiliam na caracterização da geologia de 
subsuperfície. Segundo Latimer et al. (2000), a inversão de dados sísmicos em parâmetros elásticos é um 
campo em rápido crescimento devido a facilidade de interpretação geológica e acurácia desses dados. 
A princípio, a técnica de inversão visava à transformação de dados sísmicos pós-empilhamento em 
dados de Zp, o que permitia obter algumas inferências sobre litotipos e porosidades, quando apoiados por 
dados complementares de geologia (ver e.g. Russell & Hampson, 2006). Um modelo com boa qualidade 
de Zp contém mais informações do que simplesmente as amplitudes dos traços sísmicos (Latimer et al., 
2000). Isto se deve a retirada dos efeitos da wavelet dos dados sísmicos e incorporação de informações 
provenientes de outras fontes como, por exemplo, perfis de poços. O mesmo vale para modelos de 
impedância cisalhante (Zs) e/ou densidade (), que são produtos dos métodos de inversão pré-
empilhamento. 
Goffey (2013) considera a inversão simultânea pré-empilhamento como o melhor método que 
combina as técnicas de AVO (Angle vs. Offset, onde offset = afastamento) com a inversão sísmica. Esta 
denominação, inversão simultânea pré-empilhamento, fornece margem para duas possíveis interpretações. 
A primeira se deve ao fato de que as equações propostas por Fatti et al. (1994) fornecem valores de Zp, Zs 
e  de maneira independente, mas que podem ser obtidos simultaneamente através da resolução de um 
sistema de equações (Hampson & Russell, 2005). A segunda refere-se a extração de informações 
provenientes de diferentes ângulos de incidência de forma simultânea. 
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Ao longo dos últimos anos, vários estudos de caso com reservatórios constituídos por diferentes 
litotipos comprovaram a efetividade deste método. Liu et al. (2012) utilizaram esta técnica no nordeste da 
China em rochas compostas por carbonatos argiláceos e brechas. Primeiramente, o método pós-
empilhamento foi aplicado, contudo este não diferenciava o reservatório supracitado das rochas não-
reservatório (folhelhos dolomíticos e calcíferos). A aplicação da inversão simultânea pré-empilhamento e 
posterior interpretação das impedâncias das ondas P, S e da razão Vp/Vs possibilitou uma ótima 
diferenciação entre os litotipos. Benabentos et al. (2007) aplicaram o método para auxiliar na seleção dos 
melhores locais para perfuração de poços na bacia mexicana de Burgos. Os autores trabalharam com 
dados provenientes de um reservatório composto por corpos arenosos com potencial de conter 
acumulações de gás. AlMuhaidib et al. (2012) utilizaram volumes de impedância gerados a partir da 
inversão simultânea, a fim de estimar valores de porosidade num campo de hidrocarbonetos localizado no 
leste da Arábia Saudita em reservatórios carbonáticos jurássicos. Os resultados apontaram novas áreas 
com potencial para conter reservatórios de boa qualidade. 
Em particular, este trabalho apresenta a aplicação e avaliação do método de inversão simultânea 
pré-empilhamento determinística, presente no software HRS (Hampson & Russel - CGG), junto a rochas 
carbonáticas do “pós-sal” pertencentes a Formação Macaé na Bacia de Campos. Segundo Sancevero et al. 
(2005), as técnicas de inversão sísmica podem ser classificadas em dois grupos: Determinístico e 
Estocástico. Neste documento trabalhou-se somente com o primeiro método que pode ser definido como 
sendo qualquer inversão para o qual é escolhida uma solução ótima dentre várias possíveis (Cooke & 
Cant, 2010).  
A avaliação dos resultados é feita com base na comparação entre modelos com distintos 
parâmetros de entrada, tais como modelos iniciais, wavelets, número de iterações, entre outros, destacando 
as diferenças visuais e numéricas obtidas. 
Esta dissertação está estruturada em dois capítulos. O Capítulo 1 introduz os conceitos acerca da 
inversão sísmica, apresenta exemplos da aplicação deste método em diferentes litotipos, os objetivos e as 
justificativas que motivaram o desenvolvimento desta pesquisa, além de esclarecer as principais 
diferenças entre os métodos de inversão pós-empilhamento e pré-empilhamento.  
O Capítulo 2 é um artigo que aborda a aplicação do método de inversão simultânea pré-
empilhamento na área de estudo denominada campo A. São apresentadas as fórmulas da inversão pré-
empilhamento, além de outros fatores fundamentais para a aplicação deste método. Ao final são 
apresentados e discutidos os resultados que visam avaliar a aplicação do algoritmo presente no software 
HRS junto a estas rochas carbonáticas da Bacia de Campos. 
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A Figura 1.1 resume o fluxo de trabalho adotado nesta dissertação. Todas as etapas de 
processamento sísmico foram realizadas pela Petrobrás. 
Figura 1.1: Fluxograma de trabalho.  
 
OBJETIVOS E JUSTIFICATIVAS 
O principal objetivo deste trabalho foi estudar as possibilidades e limitações na aplicação da 
inversão simultânea de dados sísmicos pré-empilhamento em rochas carbonáticas. Desta maneira, buscou-
se verificar a qualidade do processo de inversão junto aos modelos gerados e se estes são condizentes com 
os estudos efetuados junto aos perfis geofísicos disponíveis na área de estudo.  
Assim, em particular, avaliou-se o comportamento deste método disponível no sofware HRS para 
um reservatório albiano carbonático pertencente a Bacia de Campos. 
A importância deste trabalho está na ampliação do conhecimento da aplicação deste método junto 
à rochas carbonáticas, em particular, na bacia de Campos no denominado “Campo A” através da criação 
de modelos de Zp, Zs e . Este método, até a presente data, ainda não foi publicado em 
carbonatos da Formação Quissamã (Grupo Macaé) no campo A.     
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 INVERSÃO PRÉ-EMPILHAMENTO VS INVERSÃO PÓS-EMPILHAMENTO 
Este item explica sucintamente as principais diferenças e características dos métodos de inversão 
pré-empilhamento e pós-empilhamento. O entendimento do método de inversão pré-empilhamento 
simultâneo é facilitado ao se explicar o método de pós-empilhamento, isto porquê ambos estão 
intrinsecamente relacionados. Todas as fórmulas são descritas no Capítulo 2 sendo esta introdução 
apresentada somente para contextualizar.  
 
INVERSÃO PÓS-EMPILHAMENTO 
As técnicas de empilhamento, cujo objetivo é o de aumentar a razão sinal/ruído através da soma de 
traços sísmicos, são utilizadas desde antes da década de 1960. Maine (1962) introduziu o método 
denominado Ponto de Reflexão Comum, o qual buscava, após as devidas correções de posicionamento dos 
refletores (e.g. NMO, DMO), fornecer um meio prático de aumentar a multiplicidade (aumento no número 
de traços empilhados) sem perder detalhes referentes aos refletores. Assim, o autor apontou em seu 
trabalho que a melhora na resolução seria proporcional à raiz quadrada do número de traços empilhados. 
A técnica de inversão pós-empilhamento tem como objetivo extrair dados de impedância acústica a 
partir de dados sísmicos previamente empilhados. Este método parte da premissa de que o traço sísmico 
pode ser modelado utilizando-se as equações convolucionais dos coeficientes de reflexão de incidência 
verticais (ver e.g. Russell & Hampson, 1991). 
Existem diversas maneiras de se realizar este procedimento, contudo, todos se baseiam na premissa 
de que o traço sísmico pode ser modelado pela equação convolucional. Se formos capazes de remover o 
ruído (ou reduzi-lo), realizar a deconvolução da wavelet, e obter as amplitudes originais (remover o 
escalar), devemos conseguir a refletividade (normal) original das camadas rochosas. 
A inversão pós-empilhamento é bastante comum na caracterização e modelagem de reservatórios, 
pois esta pode fornecer modelos de impedância acústica a partir dos quais, em alguns casos, é possível 
estimar distribuições de outras propriedades importantes na caracterização do reservatório, como por 
exemplo, a porosidade ou a saturação de água. 
Métodos de inversão pós-empilhamento denotam menor esforço de processamento computacional 
e de armazenamento de dados e, geralmente, são adotados em primeira instância por serem mais rápidos e 
mais baratos quando comparados com métodos de inversão pré-empilhamento. 
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INVERSÃO PRÉ-EMPILHAMENTO 
A inversão pré-empilhamento surgiu da necessidade de se extrair mais informações dos dados 
sísmicos, a fim de se resolver questões não respondidas pela inversão pós-empilhamento. 
A combinação de propriedades físicas e litotipos distintos pode fornecer o mesmo valor de 
impedância acústica, tornando difícil separar classes utilizando somente Zp. Por exemplo, a impedância 
acústica não resolve a ambigüidade existente entre a porosidade de folhelhos e carbonatos. Neste caso, a 
informação da onda S se torna crucial na discriminação entre a rocha reservatório e não-reservatório (e.g. 
Li et al., 2003). Enquanto a inversão pós-empilhamento fornece modelos de Zp a inversão pré-
empilhamento tem por objetivo extrair estimativas confiáveis de modelos de velocidades das ondas P, S e 
, aumentando a probabilidade de identificação das propriedades físicas presentes nas rochas (Hampson et 
al. 2005). Consequentemente, quando múltiplas propriedades elásticas podem ser extraídas 
simultaneamente dos dados sísmicos, a probabilidade de se identificar diferentes classes aumenta, porque 
algumas propriedades podem se agrupar mais em uma dimensão do que em outra (Figura 1.2).  
 
 
Figura 1.2: Exemplo de distribuição de duas propriedades elásticas mostrando boa separação de grupos associados com as 
principais litologias (modificado de Jarvis et al., 2007). A razão Vp/Vs é influenciada de diferentes maneiras por litotipos 
(Eastwood & Castagna, 1983), porosidade (Rafavich et al, 1984), tipos de fluídos (Hamada, 2004) e presença de gás em 
arenitos (Russell & Hampson, 2006).  
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INFORMAÇÕES ADICIONAIS SOBRE O ARTIGO DO CAPÍTULO 2 
Este item visa apresentar algumas informações que não estão explícitas no Capítulo 2, por 
este se tratar de um artigo a ser submetido para uma revista arbitrada e, portanto, foi elaborado de 
forma concisa.  
 
DADOS SÍSMICOS 
Os dados sísmicos disponíveis para a realização deste trabalho são compostos por quatro 
seções sísmicas parcialmente empilhadas: 4 a 13; 13 a 22; 22 a 31; e 31 a 40.  
A Figura 1.3 mostra um exemplo de seção sísmica proximal parcialmente empilhada (4 a 
13) utilizada para o desenvolvimento desta dissertação.  
Figura 1.3: Exemplo de seção sísmica utilizadas nas inversões pré-empilhamento.  
 
AMARRAÇÃO SÍSMICA-POÇO  
A amarração sísmica-poço é o principal meio de relacionar as ondas sísmicas com a 
estratigrafia e as propriedades rochosas em subsuperfície (White, 2013). Para que o processo de 
inversão sísmica seja bem sucedido, é necessário efetuar o ajuste entre os eventos registrados na 
sísmica no domínio do tempo e aqueles registrados nos poços no domínio do espaço 
(profundidade). Assim, é possível relacionar eventos registrados nessas duas escalas distintas.
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A confecção de sismogramas sintéticos provenientes de informações extraídas dos poços 
é amplamente utilizada para realizar a amarração sísmica-poço sendo necessárias informações 
referentes a velocidade da onda P e de densidade. Desta forma é possível comparar os traços 
sintéticos com os traços reais buscando relacionar a estratigrafia com as reflexões sísmicas 
registradas. Contudo há diferenças em termos de amplitudes e não há equivalência absoluta entre 
os domínios de tempo e profundidade (Ewing, 1997). Este procedimento envolve várias 
aplicações, entre elas a realização da inversão sísmica para caracterização de reservatórios.  
A Figura 1.4 expõe um exemplo de resultado da amarração sísmica-poço, realizada junto 
ao poço A1. Nota-se que os eventos sísmicos são condizentes com o sismograma sintético, apesar 
de algumas diferenças registradas nas amplitudes. A correlação média entre os sismogramas 
sintéticos e os observados considerando todos os poços foi de 0,69. A amarração sísmica-poço é 
o principal meio de relacionar as ondas sísmicas com a estratigrafia e as propriedades rochosas 
em subsuperfície (White, 2013). Para que o processo de inversão sísmica seja bem sucedido, é 
necessário efetuar o ajuste entre os eventos registrados na sísmica no domínio do tempo e aqueles 
registrados nos poços no domínio do espaço (profundidade). Assim, é possível relacionar eventos 
registrados nessas duas escalas distintas. 
Figura 1.4: Exemplo de amarração sísmica-poço, realizada junto ao poço A1. A correlação entre ambos é de 0,735 e 
foram utilizados dez traços vizinhos para a confecção do sismograma sintético.  
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SIMULTANEOUS PRESTACK SEISMIC INVERSION EVALUATION FROM A CARBONATE FIELD 
RESERVOIR AT CAMPOS BASIN, BRAZIL 
Rafael Amaral Cataldo, Emilson Pereira Leite 
 
ABSTRACT 
We have applied a method of simultaneous inversion of prestack seismic data of a hydrocarbon 
field located in the Campos Basin, Brazil. This method has been successfully applied to several sandstone 
reservoirs around the world. The purpose of this research was to test and study the application of this 
method to Albian carbonate rocks of the Quissamã Formation. Based on what is found in near fields, this 
Formation potentially contains hydrocarbon accumulations that could be revealed with the help of the 
inverted models. 
P-wave velocity (Vp), S-wave velocity (Vs) and density curves along seven wells were used as 
inputs to construct 3D initial models of acoustic impedance (Zp), shear impedance (Zs) and density (𝜌). 
Wells without Vs and 𝜌 curves had those values calculated from well-established equations available in 
the literature. Analysis of the inversion results along wells were carried out. Final 3D models were 
calculated from deviations in linear relationships between the logarithms of Zs and Zp, as well as between 
density and Zp, which were merged with the initial models. We have tested and analyzed several 
parameters and filters to create initial and final models. Interpretations of the inversion results were 
conducted based on patterns found in logs such as resistivity, gamma ray, density, neutron porosity and 
sonic along the wells. These analyses provided criteria to select the best final models that are discussed in 
detail. 
The inverted models show low impedance anomalies that are consistent with previous studies 
performed with the well logs available. Furthermore, one well in particular was interpreted as having high 
potential to contain hydrocarbons. This well shows an impedance pattern that allowed us to highlight other 
areas with the same pattern throughout the entire prestack seismic volume. 
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RESUMO 
 
Esta pesquisa mostra a aplicação do método de inversão simultânea em dados sísmicos pré-
empilhamento em um campo de petróleo localizado na Bacia de Campos, Brasil. Este método tem sido 
utilizado com sucesso em diversos reservatórios areníticos em várias regiões do mundo. O objetivo desta 
pesquisa foi o de avaliar e estudar a aplicação deste método em rochas carbonáticas albianas da Formação 
Quissamã. Com base em descobertas em campos próximos, esta Formação tem o potencial de possuir 
acumulações de hidrocarbonetos que podem ser revelados com o auxílio de modelos de inversão. 
Curvas de velocidades de ondas P (Vp), S (Vs) e densidade (ρ) ao longo de sete poços serviram 
como parâmetros de entrada para a construção de modelos iniciais tridimensionais. Os poços que não 
continham curvas de Vs e densidade foram calculados através de equações estabelecidas junto a literatura 
disponível. Assim, foram realizadas análises dos resultados da inversão ao longo dos poços. Com o intuito 
de criar os modelos iniciais de inversão, foram usados dados de impedâncias das ondas P (Zp), S (Zs) e  
ao longo dos poços. Os modelos tridimensionais finais foram calculados a partir dos desvios das relações 
lineares entre os logaritmos de Zs e Zp, assim como entre  e Zp, os quais foram combinados com os 
modelos iniciais. Foram testados e analisados diversos parâmetros e filtros para  a criação dos modelos 
iniciais e finais. As interpretações dos resultados da inversão foram conduzidas com base nos padrões 
encontrados em perfis de resistividade, raios gama, densidade, porosidade neutrão e sônico. Estas análises 
forneceram os critérios para selecionar os melhores modelos finais que são discutidos em detalhe. 
Os modelos finais mostram anomalias de baixa impedância consistentes com os estudos realizados 
junto aos perfis dos poços. Além disso, de acordo com as interpretações, um poço em particular possui 
alto potencial para conter hidrocarbonetos. O padrão de distribuição de impedâncias neste poço foi 
utilizado como referência para a identificação de outras regiões com alto potencial, dentro de todo o 
volume sísmico pré-empilhado disponível.       
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INTRODUCTION 
In the last few decades the oil industry has been focusing on the improvement of methods to solve 
current geological problems, such as the modeling of pre-salt carbonatic reservoirs in Brazil. Postack, 
prestack and elastic seismic inversions are among those methods that assist the characterization of 
hydrocarbon reservoirs. According to Goffey (2013) prestack simultaneous inversion is the ultimate 
method that combines AVO data with seismic inversion techniques. 
Latimer et al. (2000) points out that it is common to find empirical relationships between acoustic 
impedance and rock properties such as lithology and porosity. Even though the Zp model can provide 
such informantions, it does not discriminate porosities between carbonates and shales (Li et al., 2003). 
However, when we analyze Zp, Zs and  models together, we can reinforce this hypothesis because the 
extraction of multiple elastic properties from seismic data enhances the probability of identifying different 
rock groups (see e.g. Jarvis et al., 2007). 
One of the obstacles in applying this method to carbonate rocks is that, in contrast with sandstones, 
these lithotypes are vertically and laterally heterogeneous and represents a complex challenge regarding 
reservoir characterization. Being mainly of biological origin, carbonates have complex textures and are 
susceptible to diagenesis modifications, leading to mineralogy and pore structure changes that make these 
rocks more difficult to model (Eberli et al., 2003).  
Over the past few years several studies were performed in different lithologies proving the 
effectiveness of prestack seismic inversion methods. For example, post-stack analysis on argillaceous 
carbonates and breccias may not differentiate reservoir from non-reservoir rocks (dolomitic and calcitic 
shales), but simultaneous prestack inversion combined with Vp/Vs analysis may enabled the separation of 
these lithotypes (Liu et al., 2012). Benabentos et al. (2007) applied prestack inversion to assist the 
selection of well locations to drill in Burgos Basin, Mexico, where the targets were sandstones potentially 
containing gas accumulations. AlMuhaidib et al. (2012) used impedance volumes generated from 
simultaneous prestack inversion to estimate porosity values on a jurassic Saudi Arabia carbonate field. 
The results pointed out to new potential hydrocarbon areas of good quality.  
The prestack inversion emerges from the necessity of extract more information from seismic data 
to solve questions not answered by post-stack inversion. The S-wave information obtained from prestack 
seismic inversion can solve, for instance, the duality between the porosity found in carbonates and shales, 
in which acoustic impedance alone cannot solve. Therefore, this information of S-wave is crucial to 
discriminate among reservoirs and non-reservoirs rocks (Li et al., 2003). 
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The main objective of this paper is to study the advantages and limitations of recovering 
petrophysical parameters from a carbonate reservoir using a method of simultaneous prestack inversion 
(Hampson et al., 2006). More specifically, we have done a sensibility analysis on the parameters required 
to invert the prestack data with this method. We obtained P-impedance, Shear impedance and Density 3D 
models of a post-salt carbonate reservoir of Macae Group, located in Campos Basin, offshore Brazil.  
The analysis and interpretation of these models provided some parameters that help in the 
application of this method to carbonate rocks. We will refer to the oil field where this reservoir is located 
as the “A” field. The A field contains albian carbonate rocks of Quissamã Formation that were deposited 
in a shallow platform environment. These rocks have porosities of ~25% and permeabilities of ~250md, 
respectively (Spadini, 1992). According to Horschutz et al. (1992), this albian reservoir is responsible for 
31% of in-place oil volume of the A field, but has a recovery factor of ~15.40%. This is the first work that 
analyzes prestack simultaneous inversion results of this oil field.  
 
GEOLOGICAL SETTING 
Campos Basin has the most prolific hydrocarbon reservoirs in Brazil, encompassing ~80% of oil 
and ~34% of natural gas production (ANP, 2013). The discovery of hydrocarbons in albian carbonate 
rocks in 1974, at Garoupa field, was considered to be the main highlight in the exploration of Campos 
Basin. The A field is located in southeast of Campos Basin, Brazil, covering an area of 32 km² in water 
depths of ~100 m (Figure 2.1). Considering our zone of interest at the Quissamã Formation, it is 
composed of oncolitic, oolitc and peloidal calcarenites, calcirudites and calcilutites. In terms of trapping, 
this reservoir is essentially structural-stratigraphic where calcarenites and calcirudites grade into 
calcilutites towards west and south-southwest of the field (Horschutz et al., 1992). 
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   Figure 2.1: Location map of A field (modified from Bueno et al., 2014).  
 
The carbonate reservoir of interest in this work belongs to the Quissamã Formation of the Macae 
Group, which contains Albian rocks formed from restricted marine depositions with high salinity levels, 
according to results obtained from studies with isotopic, minor and trace elements (Robaina et al., 1991). 
The Macae Group is divided into five formations: Goitacas, Quissamã/Buzios Member, Outeiro, Imbetiba 
and Namorado. The process of dolomitization on Macae carbonates is not expressive on facies of high 
energy such as calcarenites, occurring especially in low energy facies (Robaina et al., 1991). 
The Quissamã Formation is represented by moderate to high energy carbonate sediments 
composed of oolithic/oncolithic calcarenite banks with thickness up to 15 m. These reservoirs generally 
show high porosities associated to variable values of permeabilities. Litologically, the reservoirs are 
composed by carbonate sand banks elongated to northeast, which in turn are composed mainly by 
grainstones and packstones.  
Warszawski & Ferreira (2011) present results which show that wells in deeper water depths exhibit 
higher permeabilities and, consequently, they have higher productivity indexes. According to the results of 
their paper, the shallow water wells presents permeabilities of 20 md and productivity indexes of 1 
(m³/d)/(kgf/cm²), versus 40 md and 10 to 20 (m³/d)/(kgf/cm²) for deeper water depth wells. The authors 
explain that the quality of these reservoirs is dependent on factors such as depositional environment, 
paleoclimate, early diagenesis and fracturing. 
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The porosity of these carbonates is essentially primary in origin (intergranular) and has 
unexpressive secondary porosity formed by dissolution of oncoliths nuclei and vugular (Spadini & 
Paumer, 1983). 
 
DATA AND SOFTWARE 
 The inversions were carried out using the software HRS-9 (CGG-Veritas). The seismic data 
consists of Common Mid Point (CMP) gathers that were already converted to incidence angle gathers. 
Thus, the data are partially stacked and distributed into four angle stacks files: 4° to 13°; 13° to 22°; 22° to 
31°; and 31° to 40°.  
P-wave velocity (V), S-wave velocity (Vs) and density () were obtained from wells located in 
the study area. These data are needed to build up the initial models to all prestack inversions. The area 
covered by prestack data includes a total of seven wells containing the following logs: Density (RHOB – 
except three wells), Gamma Ray (GR), Resistivity (ILD), Neutron porosity (NPHI) and Sonic (DT). 
Additionally, two horizons were extracted based on seismic reflections representing the top of Quissamã 
Formation and Lagoa Feia. Table 2.1 summarizes the main information about the data. 
 
 
 
 
 
 
 
 
 
 
Table 2.1: Main information about seismic data acquisition parameters and well logs. 
Main information about seismic data and well 
logs 
Values 
Seismic acquisition sampling rate 4ms 
Seismic trace length 2500ms 
Number of samples per seismic trace 625 
Number of inlines & xlines 404 & 479 
Distance between inlines and xlines 12.50m 
Wells A1, A2, A3, A4, A78, A153 and A156 
Horizons Quissamã and Lagoa Feia 
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METHODS 
In general, seismic inversion requires four main steps: (i) create an initial impedance model of low 
frequencies from elastic properties of the subsurface; (ii) extract wavelet(s) based on seismic-well ties; 
(iii) do relative inversion and; (iv) merge relative inversion results with initial models. 
Firstly we generate the response of Vs logs for the seven wells available on the area of interest 
using two formulas. The first one, presented by Castagna et al. (1985) and used here for the external part 
of Quissamã Formation, is commonly used on siliciclastic rocks and it is derived from empiric relations 
among Vp and Vs. It is expressed as 
 
                                 VS = 0.8619 VP + (−1172) ,                                              (2.1) 
 
where Vp is extracted from well logs. 
 
For the internal part of Quissamã Formation we used Greenberg-Castagna formula (Greenberg & 
Castagna, 1992). The Vs term is estimate iteratively using different regression coefficients for each 
mineral constituent until the data is adjusted to an acceptable error. In this case we used 
 
                 Vs = −0.05VP² + 1.016VP + (−1.03) ,                                                               (2.2) 
 
 
Pinheiro (2005) applied this method to coquinas samples from Lagoa Feia Formation located in 
Campos Basin and also in albian carbonates from Santos Basin. The author obtained high positive 
correlations between results from this formula and experimental observations.  
Wells A1, A4 and A153 did not contain the RHOB logs within the reservoir interval and, thus, 
these values were also calculated. In this case the calculation was carried out by Gardner’s equation 
 
 
 = 0.23 VP
0.25  ,                                                                  (2.3) 
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Due to the inherent limitation in the seismic frequency band, it is necessary to build up an initial 
model containing low frequencies, generally between 0 to 10Hz. For this model to be geologically 
plausible, we need seismic horizons to serve as a base for stratigraphic control. The first horizon 
represents the top of the formation of interest (Quissamã) while the second serves as a stratigraphic 
tendency for the low frequency model. The initial model is created from the interporlation of well log data 
using horizons as constraints. To build this model, we used all wells available. The software applies a 
triangulation with inverse-distance weighting for interpolation (Haining, 2003; Hampson & Russell, 
2007). This model incorporates vertical changes in impedance but it is laterally very smooth, because it 
does not use the seismic traces. 
We then extracted and tested wavelets that are necessary for seismic-well tie. The wavelet is 
extracted using the method described in Walden and White (1998) and an algorithm published in White 
and Simm (2003). The wavelet length should be a fraction of the seismic window of interest. Several 
wavelets of zero phase were extracted with distinct lengths, from 10% to 20% bigger than the biggest 
wavelength stipulated in the interval of 1200ms to 2100ms. The wavelet that produced the best correlation 
with the data has a wavelength of 60ms, a window of 84ms and a frequency peak of ~25Hz. 
In order to establish a relationship between the recorded seismic reflections and the stratigraphy 
found in a hydrocarbon field, we performed seismic-well ties. In this stage we look for relations among 
the events recorded in the time domain (seismic) with those recorded in the depth domain (well logs). 
Another major factor is the different scale in which these acquisitions occur. While seismic is in a meter 
order scale, the resolution of a sonic log varies from centimeters to a few meters. The presence of logs 
such as GR, DT, RHOB, ILD and NPHI, is fundamental to interpret alterations present in rock layers. 
These interpretations play an essential role to tie seismic events with abrupt variations found in logs. For 
each well, a Zp log was generated from density and sonic logs in order to obtain reflectivity values. The 
convolution of a reflectivity series with a wavelet provides a synthetic seismogram which is compared 
with the original seismogram. In this process, the conversion from depth to time is carried out from 
velocities Vp calculated using the sonic log values. 
Having converted wells from depth to time and positioned them correctly within the seismic data 
volume, it was possible to create the initial Vp, Vs and  models. These three initial models presents 
detailed vertical variations but are laterally smooth. 
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SIMULTANEOUS PRESTACK INVERSION 
The reflection coefficient for normal incidence can be define as 
 
𝑅𝑝𝑝 =
𝑍𝑝2−𝑍𝑝1
𝑍𝑝2+𝑍𝑝1
   =  2𝑣2 − 1𝑣1
2𝑣2 + 1𝑣1
    ,                                                    (2.4) 
 
where Rpp is the reflection coefficient for a normal incident and reflected p-wave. Indexes 1 and 2 refer to 
the upper and bottom layers, respectively. 
 
According to the Equation 2.4, Zp is the product between the density of the rock and the seismic 
velocity of P wave. Acoustic impedance is inherently attached to the lithotype, porosity, permeability, 
among other physical parameters. Therefore, it is common to find empiric relationships between 
impedance and other lithological properties (Latimer et al., 2000). 
Seismic inversion methods used in practice assumes the premise that the seismic trace can be 
modeled by the convolutional equation     
 
𝑆(𝑡) = [𝑅(𝑡) ∗ 𝑊(𝑡) + 𝑁(𝑡)]    ,                                                                     (2.5) 
 
In which S(t) = Seismic Trace; R(t) = Layer’s reflectivity; W(t) = Seismic Wavelet; N(t) = Noise; 
and * means convolution.  
 
Equation 2.5, tell us that if we remove the noise and deconvolve the seismic trace we should be 
able to recover the original amplitudes and the reflectivity series. 
From equation 2.5 we can obtain the following expression to calculate impedance from a stack of 
horizontal layers, 
 
                 𝑍𝑖+1 = 𝑍𝑖  
[1+𝑅𝑖]
[1−𝑅𝑖]
 ,                                                                                                            (2.6) 
 
where Zi = iVi is the acoustic impedance of the ith layer; i = Density; e Vi = Compressional 
Velocity of layer “i”. The “ith” layer is considered to be above to the layer “i + 1”. This type of inversion 
is known as recursive (see e.g. Russell, 1988). 
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Russell and Hampson (1991), shows that we can relate the seismic trace to the logarithm of P-
impedance for a post-stack inversion
1
 , 
 
                             T = (
1
2
)WDLp                              ,                                                                                     (2.7) 
 
where T represents the sample of seismic trace, W is an extracted wavelet, D is a derivative matrix 
and Lp is the logarithm of Zp term. 
 
 Russell and Hampson (2006), using the approximation to the Aki-Richards equations proposed by 
Fatti et al. (1994), rearranged the equation considering that there is a linear relationship between the 
logarithms Lp (ln Zp), Ls (ln Zs) e Ld (ln ):  
 
                             ln (Zs) = k ln (ZP) + kC + ∆LS,                                                             (2.8)2 
                                ln (Zd) = m ln (ZP) + mC + ∆LD .                                                              (2.9)2 
 
Therefore, we look for the ΔLs e ΔLd deviations from adjusted linear models using Zp, Zs and  
(Figure 2.2). These deviations may highlight areas where hydrocarbons are present.    
 
 
Figure 2.2 – Dispersion diagrams of Ln(ZS) vs. Ln(ZP) e Ln(ρ) vs. Ln(ZP) and lines adjusted by linear regression. Deviations 
from these lines, ΔLs and ΔLd, are the hydrocarbon anomalies (Russell & Hampson 2006). 
                                                          
1
 For detailed information about post-stack inversion see Hampson and Russell (1991). 
2
 For detailed information about the equations see Hampson and Russell (2005). 
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If we combine equations 2.7 to 2.9, we have 
 
                        𝑇(𝜃) = ĉ1𝑊(𝜃)𝐷𝐿𝑃 + ĉ2𝑊(𝜃)𝐷𝐿𝑆 +  𝑊(𝜃)𝑐3𝐷𝐿𝐷 ,                     (2.10) 
 
where, ĉ1 = (1/2)c1+(1/2)kc2 + mc3 e ĉ2 =(1/2)c2. Equation (2.10) can be implemented in a matrix form:  
 
[
𝑇(𝜃1)
𝑇(𝜃2)
⋮
𝑇(𝜃𝑁)
] =  
[
 
 
 
 
ĉ1(𝜃1)𝑊(𝜃1)𝐷 ĉ2(𝜃1)𝑊(𝜃1)𝐷 𝑐3(𝜃1)𝑊(𝜃1)𝐷
ĉ1(𝜃2)𝑊(𝜃2)𝐷 ĉ2(𝜃2)𝑊(𝜃2)𝐷 𝑐3(𝜃2)𝑊(𝜃2)𝐷
⋮ ⋮ ⋮
ĉ1(𝜃𝑁)𝑊(𝜃𝑁)𝐷 ĉ2(𝜃𝑁)𝑊(𝜃𝑁)𝐷 𝑐3(𝜃1)𝑊(𝜃1)𝐷
]
 
 
 
 
[
𝐿𝑃
∆𝐿𝑆
∆𝐿𝐷
]          (2.11) 
 
Prestack seismic inversion can be obtained by the following steps:  
 
1. Given the following: A set of N angle traces (i.e. angle gather stacks). 
     A set of N wavelets, one of each angle. 
     Initial model for Zp, Zs and . 
2. Calculate the optimal values for k and m given from equations 2.8 and 2.9 using the actual     
logs from the wells in the volume. By default, all the wells are used.  
3. Set up the initial guess: [Lp Ls   Ld]T = [ln(Zp0)  0  0]T 
4. Solve the system of equations given by equation 2.11 by conjugate gradients.  
5. Calculate the final values of Zp, Zs and .  
 
       Zp = exp(Lp); Zs = exp(kLp + kc + ∆Ls);  = exp (mLp + mx + ∆Lp) 
 
If we solve the equation (2.10) by matrix inversion methods we have the same problem by missing 
the low frequencies thus, we may initiate a solution with [Lp Ls Ld]T = [ln(Zp0)  0  0]T, where 
Zp0 represents the initial impedance guess model. Then we use the conjugate gradient method towards an 
optimized solution. 
To analyze and minimize inversion errors for the entire seismic volume, we first perform a step 
denominated “Inversion Analysis”. This stage is crucial because initial models are optimized to search for 
an optimum result in the final inversion models. At this point we check data quality, errors, correlation 
between synthetic and real seismic traces, besides making tests with parameters such as pre-whitening to 
stabilize the inversion process, wavelet extraction, type of smoothing filter and number of iterations.  
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RESULTS AND DISCUSSION 
Wells A153 and A3 were chosen as examples to present the results obtained with the prestack 
inversion method. The criteria to select these wells was based on well log interpretations that suggests that 
the first one has a higher probability of having oil, while the second one did not show favorable results. 
This is discussed later on this section. Figure 2.3 shows a map which displays the stratigraphic behavior of 
the top of Quissamã Formation.     
Figure 2.3: Top of Quissamã Formation (Quissamã horizon) and location of wells A3 and A153. 
 
All wells presented correlations from 0.622 (A4) to 0.739 (A78) and as explained on the Data and 
Software section, two horizons representing the tops of Quissamã and Lagoa Feia formations were 
interpreted by picking events from 404 inlines and 479 xlines (Figure 2.4). This step is fundamental 
because the initial models are generated by interpolation of impedance and density data along the wells, 
which follows the spatial tendencies represented by the two horizons. 
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Figure 2.4: Example of a prestack seismic section used on the inversion process. The red line presents the sonic log   
located at well A78. The curves in yellow represent Quissamã and Lagoa Feia tops, respectively.  
 
It was not possible to directly attach different values of P-impedance, S-impedance and density 
with the geology present in this field, because there were not without available cores along the wells. 
Thus, all interpretations were conducted only with the log readings from the seven wells.  
As explained before, we have decided not to use any filter in the initial models to generate the final 
models. The anomalies were appropriately enhanced without the application of any filter. The reader may 
ask if the frequencies are being generated only from the initial model so that the final results would just 
have log frequencies without any information from seismic data. As figure 2.5 shows the initial model at 
inline 2171 is significantly different from the final model denoting that frequencies from seismic have a 
critical impact on final results.  
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 Figure 2.5: Comparison between the initial model (A) and final model (B) for well A153 at inline 2171.   
 
The inversion analysis step allowed us to visually and numerically compare the inversion results 
along the wells with the real logs, before apply the inversion process to all available seismic volume on 
the field (Figure 2.6). Correlations between the logarithms of Zp, Zs and  calculated or extracted from 
the wells with those generated by the inversion were analyzed. At the same time, correlations between 
synthetic and real seismic traces were monitored. Figure 2.6 shows that the inversion result for well A153, 
although it does not recognize all events, it follows the trend of the real logs and initial models. This is 
explained by the difference between seismic and log resolution. In order to establish the initial models, we 
performed several tests with different input parameters, searching for the results that present the lowest 
errors and the highest correlations among the actual data and those obtained by the inversion process.  
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Figure 2.6: Inversion analysis window for well A153, where it is possible to visualize Zp, Zs and  inverted models and the 
actual well logs. On yellow we can see the delimitation of Quissamã Formation. Curves on blue represent the real well log 
while, curves in red and black, represents the initial and inversion model along the well, respectively.  
 
The final step is to perform the prestack inversion for all seismic traces using these parameters that 
points to a higher reliability of the process. It is important to notice that several wavelets with distinct 
features, as well as different filters and pre-whitening values were tested before running the final 
inversion. Table 2.2 presents the results of these tests obtained from the inversion analysis, which served 
as a base for the input parameters to generate the final volumes. 
We condensed the test results to three options for each one of the main parameters mentioned 
before: wavelet, type of filter and pre-whitening. By analysing Table 2.2 it is possible to see that the 
filtered models present minor errors when compared to the no filter model. The fact that we choose the 
model without filter is explained by the little difference in values and a visual results where this is the only 
model that depicts an anomaly exactly where the well A153 presents favorable indicators of oil presence 
(Rider, 2004). The influence of the wavelet on the error and correlation is low, but the amount applied of 
pre-whitening results in significant differences, specially if we look at well A3 correlation and well A153 
both correlation and error. This was a key factor to get better results on the final volumes.  
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                                          Table 2.2: Main parameters tested in the inversion process. E = Relative Error; C = Correlation. The 5_10Hz and 10_15Hz terms refers to a 
trapezoidal                  trapezoidal filter to the filter applied, where frequencies above 10Hz and 15 Hz, respectively, were completely removed.
A3 with wavelet 60ms no filter  A3 with pre-whitening 5% no filter  A3 with pre-whitening 5% and wavelet 60ms 
 Zp Zs   Zp Zs   Zp Zs  
Pre 
Whitening 
(%) 
E C E C E C 
Wavelet 
(ms) 
E C E C E C 
Filtro  
(Hz) 
E C E C E C 
0.1 760.9 0.62 668.8 0.6 0.05 0.82 60ms 602 0.93 376.6 0.92 0.04 0.84 5_10 587.275 0.92 338.2 0.92 0.05 0.84 
1 606.7 0.92 394.1 0.89 0.04 0.92 100ms 606.9 0.93 382 0.92 0.04 0.85 10_15 596.8 0.93 321.9 0.92 0.05 0.84 
5 602 0.93 376.6 0.92 0.04 0.84 
Seismic 
Average 
599.6 0.93 375.4 0.92 0.04 0.85 
No  
Filter 
602 0.93 376.6 0.92 0.03 0.84 
A153 with wavelet 60ms no filter  A153 with pre-whitening 5% no filter A153 with pre-whitening 5% and wavelet 60ms 
Pre 
Whitening 
(%) 
E C E C E C 
Wavelet 
(ms) 
E C E C E C 
Filtro 
 (Hz) 
E C E C E C 
0.1 2277.4 0.31 1178.9 0.64 0.13 0.71 60ms 909.1 0.62 555.8 0.82 0.05 0.72 5_10 885.7 0.60 421.9 0.71 0.05 0.82 
1 1049.4 0.85 630.3 0.92 0.06 0.92 100ms 918.2 0.62 558.8 0.82 0.05 0.72 10_15 881 0.62 435.4 0.83 0.05 0.72 
5 909.1 0.62 555.8 0.82 0.05 0.72 
Seismic 
Average 
914.9 0.62 562.9 0.82 0.05 0.73 
No  
Filter 
909 0.62 555.8 0.82 0.05 0.72 
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Considering all seven wells available in the A field that are within the area where prestack 
seismic data is available, the parameters that improved the results of the inversion are:  
 
 Initial low frequency model without the application of any filter;  
 Wavelet extracted statistically from seismic data partially stacked from 4° to 13°. This 
wavelet has 60ms length and a pick at 25 Hertz;   
 Pre-whitening of 5% to stabilize the inversion process.  
 
FINAL ZP, ZS AND  MODELS  
The final models of Zp, Zs and  are presented and discussed for both A3 and A153 
wells, located on A field. We decided to not show the well curves on the impedance models 
because they cover most of the interesting anomalies that were found on well locations.  
First, we will discuss and explore well A153 because it shows favorable results for 
hydrocarbon presence, between 1420 to 1435ms. Within this interval, this well shows a resistivity 
and neutron porosity (NPHI) trend increasing downward, while P-wave, S-wave, gamma-ray, SP 
and density curves show a decreasing pattern when compared to readings above this interval 
(Figure 2.7). The increase on resistivity and NPHI logs, together with a decrease on GR and SP 
(except between 1426 to 1428ms), may indicate the presence of hydrocarbons. In other words, 
the interval in which these values occur indicates an area with higher porosity and permeability 
when compare to surrounding areas, besides the presence of a fluid with greater resistivity with 
less amount of clays.  
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Figure 2.7: Well log readings at well A153.  
 
It is important to notice that the increase of NPHI is not associated to an increase in clay 
content because the GR log is decreasing, so we may predict that we are dealing with a higher 
porosity interval. As P-wave, S-wave and density values also decrease, we expected a low 
impedance anomaly in the same interval for this well. 
To better visualize it, low impedance anomalies are displayed with arrows that points to 
these features on three models. It is possible to observe in the Zp model of Figure 2.8A that the 
xline 2979, where well A153 is located, shows a low impedance values (~9200 (m/s)*(g/cc)) 
around 1430-1440ms. As we can see on Zs and  models, the same anomaly is recognized in the 
same interval, depicted by green and yellow colors, respectively. In the density model (Figure 
2.8C) there is a smooth ellipse that is recognizable, but all three models conforms with the 
analysis conducted for the well logs. 
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It is possible to extend this predicted anomalies to around the xlines 2967 to 2969, 2981 to 
2983 and 2989 to 2991, because they occur in the same interval where we have found the low 
impedance anomaly for well A153. The reader should notice the behavior of these anomalies at 
distances aproximately constant from Quissamã horizon, which may be associated to reservoirs 
found in other fields of Campos Basin (see arrows in Figure 2.8). We also looked for the same 
anomalies in the same interval throughout the final inversion volumes. This search was carried 
out for all inverted volumes and we found significant anomalies from inline 2170 to 2173 and 
from xlines 2989 to 2994. 
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 Figure 2.8: Final models of Zp (A), Zs (B) and  (C) near well A153 extracted along inline 2171.  
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In the same interval, well A3 displays an increase of P-wave and S-wave, a NPHI log with 
great variability, a SP log that is almost constant and a density log that decreases downward from 
1425ms. The resistivity log shows an increase from Quissamã top to around 1450ms. By 
analyzing these logs simultaneously we cannot state that the results show evidence of 
hydrocarbon accumulation because neither porosity nor permeability are increasing or lowering 
of clay content is observed (Figure 2.9).  
 
Figure 2.9: Well log readings at well A3.  
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Therefore, there are no significant anomalies found within the interval of interest, i.e, 
close to the top of Quissamã Formation. However, the model shows some anomalies (arrows) 
inside the Quissamã Formation but it is located around 1480ms (Figure 2.10). Zp and Zs models, 
depicts exactly the same pattern found in well A153 where, below the low impedance anomalies, 
there is a high impedance anomaly as well. For well A3, the only model that is not similar to 
A153 is the density model, because it does not show a high density anomaly below the low 
impedance anomaly. In this case we have to consider two important differences while comparing 
these two wells. First, the anomalies found for well A3 around 1480ms shows similar results to 
A153 in the interval 1420-1435ms, except that the resistivity shows a decreasing pattern from 
1450ms until the base of Quissamã Formation at around 1530ms. Second, the anomalies found in 
density model, does not show the combination of low and high impedances as mentioned before. 
Based on these two differences, it is not possible to suggest that this level is an interest interval to 
look for hydrocarbon accumulations. 
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 Figure 2.10: Final models of Zp (A), Zs (B) and  (C) near well A3 extracted along inline 2196.  
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We performed a blind test by removing well A153 of the inversion looking for low 
impedance anomalies as we found without the test. The results did not show these anomalies but 
it may be explained by the fact that this well does not have seismic lines at surrounding areas and 
interpolation process is probably harmed. 
Table 2.3 shows absolute errors, minimum and maximum, related to inversion process 
applied on the two wells presented and discussed in this work. These percentages represent 
deviations between calculated values compared to expected values. As we can notice, the errors 
in the  model are the lowest ones while Zs model presents the biggest ones. The density model 
should be interpreted with caution, because prestack seismic data used in this work does not have 
acquisition angles higher than 40 degrees. In most cases, PP data up to 40° are not enough to 
solve density models with reliability. Seismic data has a low signal/noise when registered at high 
angles. Shi et al. (2010) points out that on proximal offsets seismic data are mainly controlled by 
velocity, while for medium and long offsets the density is sensitive to the amplitude registered.  
Table 2.3: Errors in percentage on Zp, Zs e  models from A3 and A153 wells. These errors were obtained for final 
models using the optimized parameters shown on Table 2.1.    
Figure 2.6 displays the impedance and density original logs, the initial models and the 
inversion results along the well. We calculated the percentages shown in Table 2.3 from these 
data. Visual correlation between inversion performed along the wells and the values obtained 
within the seismic volume may represent only part of subgroup of isolated data. This is 
reinforced when we look at Figure 2.11 where it is clear that some data present large errors 
(variation along Y-axis). This is another way to check the inversion quality by crossplotting the 
inverted models versus actual logs. Figure 2.11 contains the example of Zp values.  
.  
 
Errors in Percentage 
Absolute errors for minimum values Absolute errors for maximum values 
A3 A153 A3 A153 
Zp Zs  Zp Zs  Zp Zs  Zp Zs  
13.1 23.9 2.3 16.6 25.8 2.3 3.9 3.7 1.4 6.9 7.5 1.9 
 35 
 
Figure 2.11: Inverted vs. original Zp data. The correlation coefficient between the two is 0.83. 
 
In general, our results present good agreement between the three models implying that the 
employed parameters are coherent with carbonates present in the A field.   
The absence of cores and petrophysical data that could elucidate the stratigraphy of the A 
field brings uncertainties in the interpretations because we can not compare our models with 
geology of the A field more accuratelly. Furthermore, the lack of petrophysical data led to the use 
of data from analog rocks to estimate, for instance, the velocity of S-wave. Therefore, another 
factor to be considered is the acquisition of S-wave and density logs along the wells, which 
should improve the prestack inversion process for the whole field. 
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CONCLUSIONS  
1. In general the inverted models presents high correlations for the prestack inversion performed 
along the wells and may indicate areas with high probability to find hydrocarbon 
accumulations. This conclusion is based on the assumption that Quissamã Formation contains 
hydrocarbon reservoirs and thus, we looked for low impedance anomalies followed 
downward by high anomalies that are consistent with well logs interpretation.  
2. The lowest inversion errors were obtained for the density model while the Zs model shows 
the highest errors. In spite of that, keep in mind that it is important to notice that there is 
absence of incident angles above 40 degrees. We recommend that this model should be 
interpreted together with the other models, in order to check for consistency and to get a 
better understanding of the distribution of anomalies. 
3. Based on the favorable results obtained in this work with well A153 we may conclude that 
prestack inversion can be used to find anomalies related to hydrocarbon reserves in carbonate 
rocks of the A field. However, it must be emphasized that, to achieve optimum results, 
stratigraphic control, petrophysical and core data should be used as constraints to the 
inversion process in order to reach better results. 
4. The blind test carried out for well A153 does not show the low impedance anomalies that 
were expected to be find in this area. This may be explained by the fact that its surrounding 
area does not have seismic lines and the interpolation process is harmed.  
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